Objective: Histopathological changes in oral (buccal or lingual) mucosa after exposure to urine are still not completely understood. We evaluated these changes in free oral mucosal graft integrated in human urethra.
Introduction
Urethral stricture is one of the commonest urological diseases. To manage urethral strictures, many treatment modalities have been tried with variable degrees of success. [1] Substitution urethroplasty is a well-known and accepted procedure for treatment of long penobulbar urethral strictures (>2 cm). [2] Various tissues, like penile, prepucial as well as posterior auricular skin, small intestine submucosa and oral mucosa (buccal, lingual), have been used for substitution urethroplasty. [2] [3] [4] [5] [6] [7] However, outcomes of all these materials vary; so there is no ideal material for urethral reconstruction. [7] [8] [9] In 1941, Humby first used buccal mucosa graft for urethral reconstruction. He used this in a case of penoscrotal fistula that had undergone multiple hypospadias repair. [10] However, after its initial description, it was not very popular until 1992 when Burger et al. [11] reintroduced this into clinical practice. Simonato et al. [12] first reported that lingual mucosa can be used as an alternative for substitution urethroplasty. Further studies have showed almost equal outcomes between these two kinds (buccal and lingual) of substitution urethroplasty. [8, [12] [13] [14] Although nowadays these oral mucosal grafts are used in routine clinical practice, the exact mechanism that is responsible for incorporation of these grafts is still not completely understood. It is still unknown whether this mucosa acts as a scaffold for growth of urethral mucosa. [15] [16] [17] Reaction of oral mucosa after long-term exposure to urine is a matter of interest. This study aims to evalu- ate histopathological changes in free buccal or lingual mucosal graft integrated in human urethra and associated changes in these epitheliums. Clinical data of all patients were collected preoperatively. All patients were operated in single stage by dorsolateral onlay graft urethroplasty. Intraoperatively, a sample of integrated buccal or lingual mucosal graft that was previously engrafted to urethra was completely excised, and it was taken for histopathological examination. A small piece of oral mucosa was also harvested from opposite side of oral cavity. In cases where past lingual tissue was taken for augmentation, lingual mucosa was harvested; whereas in other cases, it was taken from inner cheek. All patients were healthy and did not have any co-morbidity like diabetes and hypertension. Patients who had history of chewing betel nut or tobacco were excluded from this study. All samples were immediately transferred to 4% formalin solution, and slides were stained with hematoxylin and eosin stains. [18] After following standard protocol, these samples were evaluated histologically by same hospital-based pathologist under 10× and 40× magnifications. To overcome bias, these specimens were reviewed by another senior pathologist.
Material and methods

Statistical analysis
Statistical analysis was done using IBM Statistical Package for the Social Sciences (IBM SPSS Statistics Corp.; Armonk, NY, USA) version 21. Mean was used as a measure of central tendency, and range was used as a measure of dispersion. Table 1 shows the preoperative characteristics of all the patients. Mean age of the patients was 30 (16-45) years, whereas it was 32 (range 16-43) years in cases of buccal and 28 years (range 17-45) in cases of lingual mucosal urethroplasty. Mean preoperative peak flow rate was 4.2 mL/s (range 1.9-6.3). The etiology of initial stricture was idiopathic in 13 (68.42%) patients and traumatic urethral catheterization in 6 (31.58%) patients. Lichen sclerosus was not present in any patient. The mean interval from previous buccal mucosal urethroplasty to current urethroplasty was 21.9 months (range 12-46 months). And in cases of initial lingual mucosal urethroplasty, it was 20.8 months (range 16-39 months). Between two surgeries, direct visual internal urethrotomy (DVIU) was done in some patients (mean DVIU done was 1.8, range 0-4). Multiple areas of narrowing were also present in strictured segment. On redo urethroplasty, mean length of stricture segment was found to be 60.08 (38-74.6) mm and 58.32 (39.6-77) mm in cases of buccal and lingual mucosal urethroplasty, respectively, with mean stricture length of 59.2 (38-77) mm.
Results
On gross (macroscopic) examination, integrated oral (buccal or lingual) mucosal graft was distinguished from urethra by its appearance of gray white color along with smooth surface of oral mucosal graft.
Newly harvested mucosa from inner surface of cheek and ventral surface of tongue showed characteristic stratified squamous epithelium (Figure 1 a, b and 2 a, b) . We found that integrated buccal mucosal graft preserved the histopathological characteristics as normal oral mucosa in the form of nonkeratinized stratified squamous epithelium with normal basement membrane (Figure 1c) . However, submucosal fibrosis was observed in many of these cases (58.33%) ( Figure  1d) . Similarly, in cases of integrated lingual mucosal grafts, epithelial characteristics were maintained with maintenance of normal basement membrane (Figure 2c ). Vacuolar degenerative changes were observed in five cases (71.42% cases) with integrated lingual grafts (Figure 2d ). Epithelial characteristics were maintained, and they were not associated with location of stricture segment and length of graft used. Thus, histopathological characteristics of the integrated oral (both buccal and lingual) mucosa transplants were completely preserved in all patients, and there were no histopathological feature that could suggest that urothelium had been overgrown these grafts. Mild chronic inflammatory reactions in the form of lymphocytic infiltration were observed in all specimens without any evidence of acute inflammatory changes (granulocytic infiltration) or neovascularity.
Discussion
Since many years, urethral reconstruction has been a unique challenge to urologists as there are many options but the type of ideal material remains yet to be resolved. [19] Although lingual mucosa for urethral reconstruction is being used in recent years, buccal mucosal reconstruction is in practice for many years with good results. [11, 12] Outcome of these grafts for urethral reconstruction is almost equivalent with excellent long-term results and limited donor side morbidity. These grafts are easily available in most patients, and harvesting procedure is simple. [13, 14, 19] There is little knowledge about the natural history of these integrated grafts into human urethra, and it is still not clear whether after exposure to urine these grafts are replaced by urothelium and are associated with any changes like fibrosis and degeneration. Risk factors like patient age, length, site, or etiology of stricture can contribute to failure of substitution urethroplasty. Except single human study, no other human study is available in this regard; however, some work has been done in animal models. [15] [16] [17] As seen in our study, these studies also showed complete integration of oral mucosal graft with maintained histopathological characteristics of oral mucosa in the form of stratified squamous epithelium with stratum spinosum layer. [15, 17, 20, 21] As observed by Soave et al. [17] , occasional lymphocytic infiltrations in lamina propria were also observed in all of our patients. This was in contrast to previous animal studies that showed acute granulocytic infiltration; however, they took biopsy after a short interval (6-month period), which could be one of the reason for acute inflammatory changes. [21] In contrast to Souza et al. [15] , we did not find any neovascularity in these grafts. Soave et al. [17] did not found any fibrotic changes in these grafts except at the edges. However, in majority of our cases, we observed submucosal fibrosis in buccal grafts and vacuolar degeneration in lingual grafts. Histopathological changes of oral mucosa were not related with length of previous mucosal graft used, and it did not have any relation with location of stricture segment.
Even after exposure to urine, these grafts retained their histological characteristics and were not replaced by urothelium either partially or completely. However, some changes like submucosal fibrosis and vacuolar degeneration occurred in these grafts. This may be one of the reasons of failure of the surgery, but this hypothesis still requires more research for acceptance.
To the best of our knowledge, this is the first prospective human study to also evaluate the histopathological characteristics of lingual mucosa in addition to buccal mucosal characteristics. Although there were some limitations of this study, like small sample size, we did not obtain specimen from patients with successful urethroplasty cases that may show some histopathological difference with failed urethroplasty. We did not take oral mucosal biopsy at initial urethroplasty to rule out submucosal fibrosis and vacuolar degeneration that may be present at initial stage. We did not record the length of initial/primary buccal/ lingual graft. Urethral stricture is a slow-going process, and the interval between previous and current urethroplasty was only 21 months, so a study with longer follow-up may be needed to confirm these results. In this study, we hypothesized that epithelial characteristic of integrated oral mucosa does not change with exposure to urine except that of some minor changes like submucosal fibrosis and vacuolar degeneration.
In conclusion, histopathological characteristics of integrated oral (buccal and lingual) mucosal grafts remained the same and did not have significant changes on exposure to urine, although some kind of changes like submucosal fibrosis and vacuolar degeneration occurred in these epitheliums. Outcome of these changes are still unproven and require further research. 
